. In a survey among outdoor workers in northern Sweden fall events were reported to happen most frequently on icy surfaces also covered with snow (Gao et al 2008) . Also in the UK slip and trip accidents are the leading cause of occupational injury (HSE 2013) .
Within the construction industry, slip, trip and fall incidents are common, and inappropriate or worn-down footwear has been identified as one of the key risk factors (Bentley et al. 2006 ). Another profession exposed to high risks for falls is mail delivery workers. Slippery underfoot conditions and poor slip resistance from footwear were considered as the key risk-factors for slips among mail delivery workers in UK (Bentley & Haslam 2001 ). In a Swedish study 74 % of the surveyed newspaper delivery workers reported a fall, of which 52% resulted in injuries (Gao et al 2008) .
Within healthcare falls are also a leading cause of occupational injury but the risk factors of falls in this sector have only recently been studied. A high risk for falls has been reported for community health workers and these falls predominantly occurred outdoors, in patients' rooms and kitchens.
Slippery surfaces due to icy conditions or liquid contaminants were a leading contributing factor and the falls were more frequent during the colder months (January-March) (Drebit 2010 ).
Injuries associated with occupational falls cause both individual suffering as well as increased costs for employers and society. Common injuries registered by AFA (2011) are lower leg and forearm fractures and half of the injuries lead to medical disability. These injuries are associated with a greater risk of long term sick leave, especially when they occur in higher ages. Effective preventive measures are thus warranted.
In relation to the scope of the problem, to the best of the author's knowledge, little research has been done regarding risk factors and prevention of slips and falls for outdoor workers. Main contributors are Bentley and Haslam (1998 , 1999 ) whose research concerned mail delivery workers in UK. They identified probable risk factors using a range of accident-centered and accident-independent methods. Key factors included slippery underfoot conditions, non-weather related environmental hazards, poor slip resistance from footwear, unsafe working practices, management safety practices, and underlying organizational influences. They recommended interventions that target accident risks at three levels: slip resistance, exposure to hazardous conditions, and employee behavior in the face of hazardous conditions. They also emphasized the use of a participative approach to intervention selection and design.
The need for a slip-resistant shoe
The use of slip-resistant shoes has been associated with a 54% reduction in the reported rate of slipping and falling in a study of US restaurant workers (Verma et The Swedish Work Environment Act (SFS 1977 (SFS :1160 states that the employer is obliged to provide personal safety equipment needed to prevent accidents and injuries, including safety shoes, which should be adequate in relation to the risks and suited to workplace conditions (AFS 2001:3 ).
Regulations and guidelines for the basic requirements for safety, protective and occupational footwear provided by an employer have been published in a number of countries such as USA, Canada, Australia and for the European Union. These also include anti-slip protection on contaminated surfaces, however anti-slip protection on snow and ice is not specifically referred to.
Furthermore to the best of our knowledge no standards have been set for footwear procured by the employee e.g. home help workers.
A primary risk factor for slipping is low friction between shoes and underfoot surface , Hanson 1999 . Most previous research on slips and falls identified by the author mainly focuses on floors and/or contaminated floors. However icy and snowy surfaces near thawing temperature can be more slippery (Gao & Abeysekera 2004) . The most slip resistant soling material on floors and lubricated floors may not provide sufficient slip resistance on ice (Gao et al 2004).
Usability aspects
Usability is "the extent to which a product can be used by specified users to achieve specified goals with effectiveness, efficiency, and satisfaction, in a specified context of use" (International Organization for Standardization [ISO], 9241-11).
Significant correlations between high perceived usability and a higher use of the shoes have previously been shown regarding custom-made orthopaedic shoes (Netten et al 2010). This indicates a need to consider a range of factors contributing to perceived usability when designing work-shoes.
Reasons for the study
Existing research focuses mainly on slip resistance and falls on wet and slippery surfaces indoors.
We know less about factors contributing to slips and falls in outdoor environment during cold conditions. Varying outdoor conditions pose different requirements on the shoes. In addition the tasks and demands of the work most likely affect the desired properties of the shoe. The required functions of the shoes are hence closely related to the actual working conditions. Perceived usability and other factors contributing to a user-friendly shoe may affect to what extent a shoe will be worn.
However little information can be found regarding workers experiences of slips and falls outdoors during wintertime, nor regarding their subjective opinion on important factors for slip resistant winter shoes. A better knowledge of perceived usability may improve our understanding of fall risk factors and assist in the design of preventive measures for work related falls outdoors.
The present study is part of a larger research project conducted by Lund University and Lund Institute of Technology, whose overarching purpose is to develop design recommendations for shoes regarding friction requirements and slip resistance based on friction measurements, biomechanical tests of walking and balance and perceived risk of slipping.
AIM
The purpose of this study was to describe perceived risks for slipping and falling at work during wintertime and user criteria for slip-resistant winter shoes among construction, mail delivery and home care workers in Sweden.
MATERIAL AND METHODS

Participants and procedure
This study used a qualitative approach with focus group interviews (Barbour 2007 ) as a method for data collection. Three focus group interviews were conducted with persons in high risk occupations who frequently work outdoors during winter. These were construction workers, home care workers and mail delivery workers. Each focus group consisted of five to eight participants from the same profession. The participants were recruited through their trade unions, with the aim to get a varied sample of participants within each profession. Three larger unions in the southern part of Sweden were identified and contacted by the author by phone or e-mail to assist in the recruitment of eight participants each for a group interview. The union contact persons were instructed to aim for variation in the sample regarding factors such as age, gender, current workplace, work experience and if possible experience of falling.
The participants in the first group were state employed postal workers, all working full time sorting and delivering mail in residential areas. In addition they were all local union or safety representatives at their respective workplace. The second group was construction workers consisting of two bricklayers, one concrete worker, one scaffolder and four carpenters. They were all local safety representatives and they all had predominantly outdoor work during all seasons, except for one man who worked in a workshop. The third group was home care workers working in a town community care. One person mainly attended patients in a rural area while the others spent most of their time in an inner town area. Apart from the rural home care worker who used a car, the others walked or used a bicycle. One of the home care workers was called away by work during the interview so that only four persons completed the interview. Participant characteristics are presented in table 1. All but one individual had an own experience of a slip or fall incident. Most of the mail delivery and construction workers but none of the homecare workers had shoes provided by their employer. (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) The setting for the interviews was in all cases a smaller conference room at a location arranged by the union contact person. The sessions lasted about 1 hour each. They were performed as group discussions with the research leader introducing open questions from a semi-structured interview guide (Appendix A). A co-moderator took notes and supported the research leader. All participants were given verbal and written information before the interviews, explaining the purpose of the study, that participation was voluntary and that all data would be treated confidentially (Appendix B). They all signed an informed consent prior to the interviews. All interviews were recorded, and transcribed shortly after.
Analysis
The interview data was analyzed using qualitative content analysis ad modum Granehiem & Lundman (2004) . The analysis had an inductive approach (Elo & Kyngäs 2008) . First the interviews were read as a whole several times to obtain an overall view of the content. All data related to the research questions (meaning units) was identified and separated into two major domains; "perceived risk factors for slipping or falling" and "user criteria for winter shoes". If the meaning of a text passage was considered related to both domains it was included in both. After condensation and coding the text passages where compared and subcategorized and finally put into broad categories based on differences and similarities in their meaning (See example in table 2). Table 2 . Example from the process of coding and categorizing meaning units, within the domain 'user criteria for winter shoes'.
Where there was uncertainty regarding the meaning of the participant's statements based on the text the author returned to the taped interviews. The analysis was a dynamic process where codes and categories were continuously revised with the purpose of achieving a consistent coding throughout.
An experienced mentor familiar with the material and the method was also consulted in the analysis process and some further revisions were after discussion. The final categories and subcategories represent the manifest content, and a theme illustrates the latent part of the analysis (table 3 and 4) .
Quotes from the interviews are used to illustrate categories and subcategories in the result section.
These were translated from Swedish to English with the help of a native English speaking research colleague, together with the author who had knowledge of the interview context to ensure that the meaning of text was not lost.
The study has been approved by the Regional Ethical Review Board of Lund University, dnr 2012/20. The application was made as part of a larger study on slip and fall accidents, friction requirements and balance ability conducted by Lund University and Lund Institute of Technology.
RESULTS
Perceived risk factors of slips and falls
The participants described a range of factors that they perceived affected the risk of slipping and falling at work. The overall theme that emanated from the statements concerned the challenge of balancing external demands and the participants' resources. The content analysis identified four main categories. The perceived risks for slip and fall accidents were described as directly related to the external environment such as slippery surfaces, sloping surfaces, low visibility and poor accessibility.
Slippery surfaces
Slipping and falling were often attributed to slippery surfaces that gave low friction between shoe and support surface. High risk slippery conditions described were: ice, snow, packed snow, loose clay and mud, wet stairwells, wood or tile covered with algae, plastic sheets lying on the ground, polished, smooth and painted surfaces, materials covered with frost, wet or icy planks or plywood boards and steel supports. Poor friction against the surface was also attributed to wet, muddy or snowy shoes. Quote: "There's a pretty good risk of falling during winter if the pavements are slippery and not cleared from snow and salted."(Mail delivery)
Sloping surfaces
Participants described slipping incidents occurring on sloping surfaces such as roofs, slopes and scaffolding, and considered the sloping surface to be a risk factor of slips and falls. Quote:
"Working on roofs and slopes and such…it is always worse with those things than working on level ground." (Construction) Low visibility
Not being able to see potential hazards due to darkness or concealing objects were felt to increase risks. Snow covering slippery surfaces was also considered to cause a higher risk. Particular activities were considered high risk situations since they were recurrently related to slip and fall incidents. Risky work situations described were bicycling, sharp turns, carrying and enter/exit buildings.
Bicycling
Slip and fall incidents were described in situations related to bicycling or stepping of a bike. Some participants also said that they avoided bicycling during the winter if it was slippery outside. This subcategory is mainly relevant to the mail delivery workers and home care workers. In addition to external factors a person's individual prerequisites and behavior was thought to contribute to the risk of slipping.
Safety behavior
It was believed that individual behavior in risky situations could affect the probability of accidents.
Examples of safe behavior that reduced the risk of slipping accidents were caution, attention, speed adaptation, avoiding risks and using appropriate shoes or other equipment. A factor had a negative effect on safe behavior was stress. Have get out and do my job." (Home care)
User criteria for winter shoes
The criteria for winter shoes were multifaceted. Four main categories were identified. These were:
user safe shoe, shoe adaptation to environment, own priorities and usability. For each main category two to five subcategories represent different aspects of the content (table 4 ). Below categories are described and illustrated with quotes from the interviews. The shoe should provide external protection for the feet, as well as being ergonomically suitable.
External protection
One important criterion for the shoe was that it should protect against injuries from sharp objects, impacts, crushing etc. In the construction industry, and for some tasks performed by the mail delivery workers, safety shoes with steel cap and protective sole was required by law. Home care workers mainly described the shoes as protection against dirty and unsanitary indoor and outdoor environments, and as protection if they were to drop a syringe. 
Shoe adaptation to environment
Since risks of slipping and falling were often attributed to environmental factors shoes that were appropriate for the surrounding environment were consequently desired.
Appropriate for weather
The most frequently mentioned criterion for winter shoes was for them to be adapted to winter weather. This includes the capacity of the shoe to maintain warmth, resist moisture and deep snow.
The possibility to change between different shoes by the season or weather was also considered
appropriate. Quote: "Yes they have to be warm and the ones we have are definitely not warm, sometimes they get damp and the snow seeps in and then the feet get ice-cold so that you don't feel your toes when you get home, so I do want warm shoes." (Mail delivery)
Sole friction
All three groups gave suggestions on how the sole of the shoe should be designed not to slide. Soles that provided friction against slippery, hard and smooth surfaces as well as on snow and mud were desired. Suggestions included rough soles with deep treading. However patterning could also be negative when snow got stuck underneath and made them slippery. Sturdy studs or spikes were considered optimal for icy surfaces, but at the same time this was not practical as workers alternate between different surfaces including indoor floors. Innovative suggestions were discussed, for example materials that adapt to changing surfaces and temperatures, non-adhesive materials where snow and mud don´t get stuck and studs on selected locations on the heel and forefoot of the shoe to prevent slips at heel-strike and toe-off. Suggestions were also made about taking influences from hiking shoes and the car tire industry. Usability includes properties of the shoes that makes them user friendly. Participants described a great variety of factors they perceived to be important in making the shoe useful for them in relation to the intended work. Within these descriptions five subcategories emerged.
Quick and simple
Speed and simplicity had high priority for most participants, but was especially highlighted in the construction and home care group. For example participants described not having time to put on anti-slip devices on their shoes. Quote: "When you are just popping in and out it takes longer to take your shoes off…" (Home care)
Light and flexible
All three groups had mobile jobs and the shoe had to allow them to move around, both indoors and outdoors. Mainly participants wanted the shoes to be light-weight and flexible and heavy shoes were believed to make you clumsy. 
Own priorities
In addition to function and usability of the shoes other factors could also affect the participants' priorities regarding their work shoes. Personal economy and individual choices were commonly mentioned factors.
Affordable
The participants working in home care, who bought their own shoes since it was not provided by their employer, described cost to be a key factor when choosing their shoes. The footwear used at work often had a lower priority than other everyday shoes, and shoes were sometimes used at home first and taken to work when they were almost worn out. Quote: "I feel that it's too expensive to have two pairs of working shoes. We need to keep ourselves in both working clothes and shoes to do our work. …" (Home care)
Possibility to choose
Being able to make individual choices regarding what shoes to wear was considered important. A selection of different shoe options according to work tasks was desired. Participants also described that they for various reasons sometimes used their private shoes instead of the ones provided by the employer. Quote: "Because we have varying working tasks we need different shoes for different tasks" (Mail delivery)
DISCUSSION
Method and limitations
Most existing research concerning occupational accidents is based on data from accident registers or survey studies. However it has been emphasized that intervention research aimed at accident prevention requires a qualitative understanding of the social meanings and social relationships that make up the study environment in order to clarify possible explanations for the quantitative findings (Needleman 1996 , Baril-Gingras 2006 . In the present study the method of focus group interviews was chosen to gather qualitative data. Using focus groups made it possible to investigate and gain detailed information about incidents that occur sporadically. The author assumed that individual interviews would not yield as rich data about the research questions, and that group discussions would lead to a more nuanced result. According to Barbour (2007) and Robinson (1999) focus groups can facilitate discussion and critical reflection among the participants when stimulated by other persons views on the subject. Focus group interviews have previously been used and considered useful in providing suggestions for fall prevention among health care personnel (Shokouhi et al 2010) .
The limitations of group interviews are possible risks of negative influence of peer pressure and established roles and expectations within the group, and limited depth of the interviews. As pointed out by Rapley (2001) the conversations in the groups must be viewed as the result of a specific interaction in a specific context. Explanations given by workers related to an occupational accident experience can be defensive (Niza 2008 ).
In the present study qualitative content analysis was chosen as the method for analysis. This is a well-established method that can be used for focus group data (Elo & Kyngäs 2008 , Kitzinger 1995 . Since the purpose was not to test a preexisting theory, but rather to gain a better understanding of a relatively unexplored subject, an inductive approach was considered more appropriate. Content analysis has been considered limited in creating explanatory frameworks and models (Hsieh & Shannon, 2005) . This was however not the purpose of the present study.
In most qualitative research the researcher is a central figure in the process of gathering and interpreting data. Efforts to minimize subjective influence were made by using open questions, having a mentor peer, well versed in the method, to review the process of analysis and raising awareness of personal prior understandings of the subject investigated.
Also the selection process of the participants may affect the outcomes. The selection of the participants was made with the help of a contact person from the union and was aimed at collecting a varied sample. Several of the participants were local union or safety representatives, and these persons most likely had a higher knowledge regarding occupational safety and risks compared to most workers, which may have contributed to rich data. In one of the group interviews the contact person from the union was allowed to stay in the room during the interview. This could have affected the participants' answers. Before the interview started all participants gave their permission for him to stay, and the author did not notice any obvious influence related to his presence.
Results and future challenges
Risk factors for slipping or falling during outdoor work in wintertime
The focus group discussions revealed that the participants in all three professions experienced a high risk for slip and fall accidents during outside work at winter. All participants had personal experiences of slip or fall incidents, and identified risks related to the physical environment, risky work situations, individual factors and organizational factors. To the best of the authors' knowledge qualitative descriptions of perceived risks specific for outdoor work in wintertime have not been published and hence provide new information. There are however similarities between the risks reported in this study, and risk factors for slip, trip and fall accidents previously identified among mail delivery employees (Bentley & Haslam1998) , and construction workers (Bentley et al 2006) .
The participants in the present study described risks related to slippery and sloping surfaces. The outdoor-workers perceived that individual factors such as age and physical capacity influenced the risk of falling in wintertime. A relationship between age and falls has been shown in a study by Kemmlert (1998) , where falls were more frequently reported among older women than their 
Criteria for a slip-resistant winter shoe
The result of the present study showed that shoe preferences are individual but many criteria are also shared. The criteria for winter shoes described by the participants in this study included a variety of aspects which were categorized as; safety for the user, adaptation to the environment, usability and own priorities. Similar criteria have been discussed by Gao et al. (2008) who performed a questionnaire survey among outdoor workers (newspaper delivery, mining and military service).
How to obtain optimal shoes sole friction against the underfoot surface was a challenge discussed in the focus groups. The participants mentioned that underfoot surfaces commonly changed during a workday, and there was no time to change shoes, so achieving optimal anti-slip properties were a problem. Spiked shoes for example might provide the best friction when stepping on an ice patch, but were perceived to be inadequate for indoor floors or steel constructions. Participants in the present study suggested that soles with only a few studs placed around toe and heel area might be a solution. This was based on their experience that slips mainly occurred at toe off and heel strike, which is supported by the research by Strandberg & Lanshammar (1981) and Manning et al (1991) .
Results from experimental studies indicate that it is most likely to fall due to an anterior foot slide, which would occur during early stance (heel strike) ( ankle mobility may therefore be assumed to affect balance control. In addition shoe requirements may vary depending on individual physical prerequisites, job task and environmental circumstances. All of these aspects need to be considered for optimal balance control. At the same time other factors such as safety, usability, comfort and individual priorities should be borne in
mind.
An important finding in the present study was that the criteria described by the participants were all highly intertwined, and one aspect could not be overlooked in favor of another without problem.
This is important knowledge for work-shoe designers. Usability aspects such as comfort and simplicity have to be weighed against requirements of safety and environmental demands. For example some participants experienced that a light and flexible shoe allowed the user to better compensate for imbalance. Flexibility was also preferable for tasks that involved a lot of moving around. On the other hand, a shoe that provided stability around the ankle was desirable to prevent sprains, and substantial support and cushioning were perceived important for comfort. The opposing aspects of flexibility and stability were thus considered equally important but difficult to combine.
To obtain an optimal balance between flexibility and stability is a future challenge for shoe designers.
In conclusion; the results from this study indicate that the causes of slips and falls are multifactorial
In our opinion the results of the present study validate the comprehensive systems model of factors contributing to slip and fall accidents on icy surfaces presented by Gao and Abeysekera (2004) .
This model includes footwear properties, underfoot surface characteristics, footwear/surface interface (friction), human gait biomechanics, human physiological and psychological aspects and environmental factors (Gao & Abeysekera 2004) . Ideally all these aspects should be targeted to prevent accidents. In some situations use of proper footwear can be a feasible way to prevent slips (Verma et al 2011 , McKiernan 2005 . The participants in the present study however described dissatisfaction with both the shoes provided by the employer and the non-provision of working shoes. The shoes were often not suited for the working conditions or were uncomfortable which resulted in some persons not using the shoes, possibly increasing the risk of injury. Gao et al (2008) showed that professional footwear provided for outdoor workers does not provide enough protection against slips and falls.
Designing perfect shoe ware that is optimal for all circumstances may not be possible. The result s from this study indicated that individual adaptation to both person and environment is important.
Collaboration between scientists and users of the shoes might help in finding functional solutions.
The results from this study may contribute to the quest of improved winter work shoes, and be used for evaluation of slip resistance properties and usability of foot wear and anti-skid devices.
Understanding the workers' perspective is likely to be of importance in accident prevention programs at workplaces. This study therefore aimed at presenting the participants' own perceptions regarding slips and falls and footwear.
A major focus of this study has been on aspects relevant for design of non-slip shoes. The results indicate that organizational aspects involving routines, equipment, snow removal, stress etc. should also be considered in accident prevention. The authors suggest this to be a topic for future research.
The risk factors and criteria identified also need to be investigated further to better understand its mechanisms and variations within different groups and contexts. Comprehensive meta-studies summarizing the research in the field are needed. In addition more research regarding implementation of accident prevention interventions is required.
Conclusions
Interviews with out-door workers in high risk professions can give valuable information about slip and fall incidents during winter conditions. Perceived risk factors seem to be related to both work environment and situations as well as individual and organizational factors. To prevent accidents the risks need to be addressed at several levels, including development of proper non-slip footwear.
The results of this study support the need for further research into slip protection while working on snowy and icy surfaces and also for the creation of regulations for footwear for homecare workers, who at present are responsible for buying their own shoes. The results of the present study indicate that winter shoes for outdoor workers in mail delivery, construction and home care should be individualized and adapted to both work demands and environment. Work shoes also need to be multifunctional and user friendly. Future challenges for shoe designers include finding ways to optimize underfoot friction in varying conditions, as well as ensuring safety, balance and usability for the individual.
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